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DATA STRUCTURE IDENTIFYING FOR 
MULTIPLE ADDRESSES THE REVERSE 

PATH FORWARDING INFORMATION FOR A 
COMMON INTERMEDIATE NODE AND ITS 

USE 

TECHNICAL FIELD 

One embodiment of the invention relates to communica 
tions and computer systems, especially routers, packet 
switching systems, and other devices; and more particularly, 
one embodiment relates to a data structure identifying for 
multiple addresses the reverse path forwarding information 
for a common intermediate node and its use. 

BACKGROUND 

The communications industry is rapidly changing to adjust 
to emerging technologies and ever increasing customer 
demand. This customer demand for neW applications and 
increased performance of existing applications is driving 
communications netWork and system providers to employ 
netWorks and systems having greater speed and capacity 
(e.g., greater bandwidth). In trying to achieve these goals, a 
common approach taken by many communications providers 
is to use packet sWitching technology. Increasingly, public 
and private communications netWorks are being built and 
expanded using various packet technologies, such as Internet 
Protocol (IP). Note, nothing described or referenced in this 
document is admitted as prior art to this application unless 
explicitly so stated. 
RFC 2827 describes the need to implement unicast reverse 

path forWarding(RPF) to prevent source address forging. 
FIG. 1A shoWs an example prior art router or sWitch having 
multiple line cards, each typically With multiple interfaces. 
Strict-mode reverse path forWarding requires that the source 
address of a packet received on an interface must be reachable 
from that interface. 

For example, FIG. 1B illustrates tWo connected intranets, 
each having four routers. Denoted are tWo routers A and B, 
With router A having interfaces A-1 and A-2 connected to 
links to other routers as shoWn. If router B sends a packet to 
routerA and if the packet is received on interfaceA-2, then the 
RPF condition is satis?ed, and the packet is processed and 
forWarded. HoWever, if the packet is received on interface 
A-1, then it is invalid as the routing reachability information 
Will not include interface A-1 as there is a loWer-cost path to 
reach node B in the netWork. 

There are tWo knoWn Ways for performing the RPF check 
ing. First, static access control lists (ACLs) can be manually 
created by an operator to specify the source addresses alloWed 
on a particular interface. Major disadvantages of this 
approach include that different ACLs need to be manually 
de?ned for each interface, and these ACLs need to be manu 
ally updated to accommodate changes in the netWork topol 
ogy to provide proper protection. 
A second knoWn approach is to perform tWo lookup opera 

tions on the forWarding information base (FIB): one based on 
the destination to identify a location Which to forWard the 
packet and a second lookup operation based on the source 
address of the packet to identify Whether the packet Was 
received on an alloWed interface. This approach requires a 
second lookup operation on the FIB, Which either decreases 
the rate at Which packets can be forWarded (as it requires tWo 
lookups instead of just one) or it requires additional or dupli 
cated components to perform these tWo lookup operations in 
parallel. Moreover, a third lookup operation is typically also 
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2 
performed, this one on a set of prede?ned ACLs to further 
identify hoW to process the packet. Performing all these 
lookup operations affects the rate at Which packets can be 
processed and/or the amount of hardWare and softWare 
required to perform such operations. 

In one knoWn approach, When unicast reverse path for 
Warding is enabled on an interface, the router examines all 
packets received on that interface. The router checks to make 
sure that the source address appears in the routing table and 
matches the interface on Which the packet Was received. This 
feature checks to see if any packet received at a router inter 
face arrives on one of the best return paths to the source of the 
packet. The feature does this by doing a reverse lookup in the 
routing/forwarding information base based on the source 
address of the packet. If a corresponding reverse path for the 
packet is not located, this feature can drop or forWard the 
packet, depending on Whether an ACL is speci?ed in a con 
?guration command. If an ACL is speci?ed in the command, 
then When (and only When) a packet fails the unicast reverse 
path forWarding check, theACL is checked to see if the packet 
should be dropped (using a deny statement in the ACL) or 
forWarded (using a permit statement in the ACL). If no ACL 
is speci?ed in the con?guration command, the router drops 
the forged or malformed packet immediately. 
ShoWn in FIG. 1C is a prior art data structure used speci 

fying the RPF information for various source addresses. The 
data structure includes some information to perform a lookup 
operation on an address to identify a corresponding leaf node 
(i.e., a sub-data structure for the corresponding address, not 
limited to a tree type data structure, With the term “sub-data 
structure” intended to merely imply that it is reached via a 
lookup or other retrieval operation). 

For example, there are an unlimited number of mecha 
nisms for performing a lookup operation on an address to 
identify a leaf node, such as, but not limited to placing address 
in an associative memory, performing a direct or hashed 
lookup on the address or several strides of the address (i.e., 
MTRIE, etc.), tree bitmap (e.g., that disclosed inU.S. Pat. No. 
6,560,610, issued May, 6, 2003, Which is hereby incorporated 
by reference), compressed pre?x matching database search 
ing (e.g., that disclosed in US. Pat. No. 5,781,772, issued Jul. 
14, 1998, Which is hereby incorporated by reference), and an 
unlimited number of other lookup mechanisms and 
approaches. 
As shoWn in FIG. 1C, each leaf node corresponding to a 

different address contained a bitmap indicating on Which 
valid interface or interfaces a packet With the corresponding 
source address could be received. Thus, each address stored 
in the data structure (and for large routers this could be thou 
sands or millions of addresses) contained its corresponding 
RPF information, and each of Which must be maintained. 

Identifying routing changes in a netWork is Well-known. 
For example, a border gateWay protocol (BGP) and interior 
gateWay protocol (IGP) are commonly used to maintain rout 
ing information/network topology information about a net 
Work. BGP-4 is speci?ed in RFC 1654, Which is incorporated 
by reference. RIP is a commonly used IGP, and is speci?ed in 
RFC 1058 and RFC 1723, Which are both hereby incorpo 
rated by reference. Based on the BGP and IGP messages sent 
and received, each router maintains its routing database 
including reachability information (e. g., hoW to send a packet 
to reach its intended destination), and identi?es changes in the 
reachability information. 

FIG. 1D illustrates an update mechanism used to update 
each of these bitmaps for a particular routing change, Which 
Was associated With a linked list of pointers indicating the leaf 
nodes Which must be updated for the particular update. A 
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particular routing change to the route to reach a node may 
change a single one or even a large number (e.g., up to tens of 
thousands or even more) of RPE information as each bitmap 
has to be updated accordingly. Thus, in certain network con 
?gurations, a large number of updates must to be performed 
for a single change in reachability information (eg a change 
in the network topology). Such a mechanism has been used 
for a signi?cant period of time as a better approach was 
desired, but not discovered. 

SUMMARY 

Disclosed are, inter alia, methods, apparatus, data struc 
tures, computer-readable media, mechanisms, and means for 
maintaining and using a data structure identifying for mul 
tiple addresses the reverse path forwarding information for a 
common intermediate node. 
One embodiment stores on one or more computer-readable 

media a data structure that includes an address lookup data 
structure for identifying leaf nodes of multiple leaf nodes 
corresponding to matching addresses. Each of the multiple 
leaf nodes includes a reverse path forwarding indirection link 
to a corresponding sub-data structure indicating reverse path 
forwarding information. Each of a particular set of leaf nodes 
having a same intermediate reachability node in a network 
includes a particular indirection link to a same particular 
sub-data structure indicating reverse path forwarding infor 
mation. 

In one embodiment, the particular sub-data structure indi 
cates one or more allowable interfaces using a bitmap repre 
sentation. In one embodiment, the particular sub-data struc 
ture indicates one or more allowable interfaces using a list of 
interface identi?ers. In one embodiment, the particular sub 
data structure is updated in response to a routing update 
affecting reachability information for the same intermediate 
reachability node in the network. In one embodiment, the 
intermediate reachability node is a gateway node to a different 
intranet. 
One embodiment determines reverse path forwarding 

information by performing a lookup operation on an address 
lookup data structure based on a particular address of a par 
ticular packet to identify a leaf node corresponding to the 
particular address. The leaf node includes a reverse path for 
warding indirection link. The link is traversed based on the 
reverse path forwarding indirection link to a particular reverse 
path sub-data structure identifying whether or not an interface 
on which the particular packet was received was allowable or 
not. Each of a particular set of the leaf nodes having a same 
intermediate reachability node in a network includes a par 
ticular indirection link to the same particular sub-data struc 
ture. In one embodiment, the intermediate reachability node 
is a gateway node to a different intranet. 
One embodiment for performing lookup operations to 

identify reverse path forwarding information includes one or 
more computer-readable media con?gured to store an address 
lookup data structure for identifying leaf nodes of a plurality 
of leaf nodes corresponding to matching addresses, and one 
or more lookup engines for performing lookup operations on 
the address lookup data structure. Each of the leaf nodes in the 
data structure includes a reverse path forwarding indirection 
link to a corresponding sub-data structure indicating reverse 
path forwarding information. Each of a particular set of the 
leaf nodes having a same intermediate reachability node in a 
network includes a particular indirection link to a same par 
ticular sub-data structure indicating reverse path forwarding 
information. In one embodiment, the intermediate reachabil 
ity node is a gateway node to a different intranet. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

The appended claims set forth the features of the invention 
with particularity. The invention, together with its advan 
tages, may be best understood from the following detailed 
description taken in conjunction with the accompanying 
drawings of which: 

FIG. 1A is a block diagram illustrating a high-level view of 
a router or switch; 

FIG. 1B is a block diagram illustrating a network; 
FIG. 1C is a block diagram of a prior-art data structure for 

maintaining RPF information; 
FIG. 1D is a block diagram illustrating the updating of RPE 

information in response to a routing change as performed in a 
prior art system; 

FIG. 2 is a block diagram illustrating a network used to 
illustrate corresponding RPF information maintained in one 
embodiment; 

FIG. 3 is a block diagram illustrating an address lookup 
data structure and sub-data structure for maintaining RPF 
information common to multiple leaf nodes corresponding to 
different addresses reachable through a common intermedi 
ate node used in one embodiment; 

FIG. 4 includes block diagrams of two different mecha 
nisms used to maintain RPF information in a sub-data struc 

ture; 
FIG. 5A is a ?ow diagram illustrating a process to perform 

RPF checking as performed in one embodiment; 
FIG. 5B is a ?ow diagram illustrating a process to update 

maintained RPF information as performed in one embodi 

ment; 
FIG. 6A is a block diagram of a system or component used 

in one embodiment; and 
FIG. 6B is a block diagram of a system or component used 

in one embodiment. 

DETAILED DESCRIPTION 

Disclosed are, inter alia, methods, apparatus, data struc 
tures, computer-readable media, mechanisms, and means for 
maintaining and using a data structure identifying for mul 
tiple addresses the reverse path forwarding information for a 
common intermediate node. 
Embodiments described herein include various elements 

and limitations, with no one element or limitation contem 
plated as being a critical element or limitation. Each of the 
claims individually recites an aspect of the invention in its 
entirety. Moreover, some embodiments described may 
include, but are not limited to, inter alia, systems, networks, 
integrated circuit chips, embedded processors, ASICs, meth 
ods, and computer-readable media containing instructions. 
One or multiple systems, devices, components, etc. may com 
prise one or more embodiments, which may include some 
elements or limitations of a claim being performed by the 
same or different systems, devices, components, etc. The 
embodiments described hereinafter embody various aspects 
and con?gurations within the scope and spirit of the inven 
tion, with the ?gures illustrating exemplary and non-limiting 
con?gurations. Note, computer-readable media and means 
for performing methods and processing block operations are 
disclosed and are in keeping with the extensible scope and 
spirit of the invention. 
As used herein, the term “packet” refers to packets of all 

types or any other units of information or data, including, but 
not limited to, ?xed length cells and variable length packets, 
each of which may or may not be divisible into smaller 
packets or cells. The term “packet” as used herein also refers 
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to both the packet itself or a packet indication, such as, but not 
limited to all or part of a packet or packet header, a data 
structure value, pointer or index, or any other part or direct or 
indirect identi?cation of a packet or information associated 
thereWith. For example, often times a router operates on one 
or more ?elds of a packet, especially the header, so the body 
of the packet is often stored in a separate memory While the 
packet header is manipulated, and based on the results of the 
processing of the packet (i.e., the packet header in this 
example), the entire packet is forWarded or dropped, etc. 
Additionally, these packets may contain one or more types of 
information, including, but not limited to, voice, data, video, 
and audio information. The term “item” is used generically 
herein to refer to a packet or any other unit or piece of 
information or data, a device, component, element, or any 
other entity. The phrases “processing a packet” and “packet 
processing” typically refer to performing some steps or 
actions based on the packet contents (e.g., packet header or 
other ?elds), and such steps or action may or may not include 
modifying, storing, dropping, and/or forWarding the packet 
and/ or associated data. 

The term “system” is used generically herein to describe 
any number of components, elements, sub-systems, devices, 
packet sWitch elements, packet sWitches, routers, netWorks, 
computer and/or communication devices or mechanisms, or 
combinations of components thereof. The term “computer” is 
used generically herein to describe any number of computers, 
including, but not limited to personal computers, embedded 
processing elements and systems, control logic, ASlCs, 
chips, Workstations, mainframes, etc. The term “processing 
element” is used generically herein to describe any type of 
processing mechanism or device, such as a processor, ASIC, 
?eld programmable gate array, computer, etc. The term 
“device” is used generically herein to describe any type of 
mechanism, including a computer or system or component 
thereof. The terms “task” and “process” are used generically 
herein to describe any type of running program, including, but 
not limited to a computer process, task, thread, executing 
application, operating system, user process, device driver, 
native code, machine or other language, etc., and can be 
interactive and/or non-interactive, executing locally and/or 
remotely, executing in foreground and/ or background, 
executing in the user and/or operating system address spaces, 
a routine of a library and/ or standalone application, and is not 
limited to any particular memory partitioning technique. The 
steps, connections, and processing of signals and information 
illustrated in the ?gures, including, but not limited to any 
block and How diagrams and message sequence charts, may 
typically be performed in the same or in a different serial or 
parallel ordering and/or by different components and/or pro 
cesses, threads, etc., and/or over different connections and be 
combined With other functions in other embodiments, unless 
this disables the embodiment or a sequence is explicitly or 
implicitly required (e.g., for a sequence of read the value, 
process the valueithe value must be obtained prior to pro 
cessing it, although some of the associated processing may be 
performed prior to, concurrently With, and/or after the read 
operation). Furthermore, the term “identify” is used generi 
cally to describe any manner or mechanism for directly or 
indirectly ascertaining something, Which may include, but is 
not limited to receiving, retrieving from memory, determin 
ing, de?ning, calculating, generating, etc. 

Moreover, the terms “netWork” and “communications 
mechanism” are used generically herein to describe one or 
more netWorks, communications media or communications 
systems, including, but not limited to the lntemet, private or 
public telephone, cellular, Wireless, satellite, cable, local area, 
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6 
metropolitan area and/or Wide area netWorks, a cable, elec 
trical connection, bus, etc., and internal communications 
mechanisms such as message passing, interprocess commu 
nications, shared memory, etc. The term “message” is used 
generically herein to describe a piece of information Which 
may or may not be, but is typically communicated via one or 
more communication mechanisms of any type. 
The term “storage mechanism” includes any type of 

memory, storage device or other mechanism for maintaining 
instructions or data in any format. “Computer-readable 
medium” is an extensible term including any memory, stor 
age device and storage mechanism. The term “memory” 
includes any random access memory (RAM), read only 
memory (ROM), ?ash memory, integrated circuits, and/or 
other memory components or elements. The term “storage 
device” includes any solid state storage media, disk drives, 
diskettes, netWorked services, tape drives, and other storage 
devices. Memories and storage devices may store computer 
executable instructions to be executed by a processing ele 
ment and/or control logic, and data Which is manipulated by 
a processing element and/or control logic. The term “data 
structure” is an extensible term referring to any data element, 
variable, data structure, database, and/or one or more organi 
Zational schemes that can be applied to data to facilitate 
interpreting the data or performing operations on it, such as, 
but not limited to memory locations or devices, sets, queues, 
trees, heaps, lists, linked lists, arrays, tables, pointers, etc. A 
data structure is typically maintained in a storage mechanism. 
The terms “pointer” and “link” are used generically herein to 
identify some mechanism for referencing or identifying 
another element, component, or other entity, and these may 
include, but are not limited to a reference to a memory or other 
storage mechanism or location therein, an index in a data 
structure, a value, etc. 
The term “one embodiment” is used herein to reference a 

particular embodiment, Wherein each reference to “one 
embodiment” may refer to a different embodiment, and the 
use of the term repeatedly herein in describing associated 
features, elements and/or limitations does not establish a 
cumulative set of associated features, elements and/or limi 
tations that each and every embodiment must include, 
although an embodiment typically may include all these fea 
tures, elements and/or limitations. In addition, the phrase 
“means for xxx” typically includes computer-readable 
medium containing computer-executable instructions for 
performing xxx. 

In addition, the terms “?rst,” “second,” etc. are typically 
used herein to denote different units (e.g., a ?rst element, a 
second element). The use of these terms herein does not 
necessarily connote an ordering such as one unit or event 
occurring or coming before another, but rather provides a 
mechanism to distinguish betWeen particular units. Addition 
ally, the use of a singular tense of a noun is non-limiting, With 
its use typically including one or more of the particular thing 
rather than just one (e.g., the use of the Word “memory” 
typically refers to one or more memories Without having to 
specify “memory or memories,” or “one or more memories” 
or “at least one memory”, etc.). Moreover, the phrases “based 
on x” and “in response to x” are used to indicate a minimum 
set of items x from Which something is derived or caused, 
Wherein “x” is extensible and does not necessarily describe a 
complete list of items on Which the operation is performed, 
etc. Additionally, the phrase “coupled to” is used to indicate 
some level of direct or indirect connection betWeen tWo ele 
ments or devices, With the coupling device or devices modi 
fying or not modifying the coupled signal or communicated 
information. The term “subset” is used to indicate a group of 
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all or less than all of the elements of a set. The term “subtree” 
is used to indicate all or less than all of a tree. Moreover, the 
term “or” is used herein to identify a selection of one or more, 
including all, of the conjunctive items. 

Disclosed are, inter alia, methods, apparatus, data struc 
tures, computer-readable media, mechanisms, and means for 
maintaining and using a data structure identifying for mul 
tiple addresses the reverse path forWarding information for a 
common intermediate node. 
One embodiment stores on one or more computer-readable 

media a data structure that includes an address lookup data 
structure for identifying leaf nodes of multiple leaf nodes 
corresponding to matching addresses. Each of the multiple 
leaf nodes includes a reverse path forWarding indirection link 
to a corresponding sub-data structure indicating reverse path 
forWarding information. Each of a particular set of leaf nodes 
having a same intermediate reachability node in a netWork 
includes a particular indirection link to a same particular 
sub-data structure indicating reverse path forWarding infor 
mation. 

In one embodiment, the particular sub-data structure indi 
cates one or more alloWable interfaces using a bitmap repre 
sentation. In one embodiment, the particular sub-data struc 
ture indicates one or more alloWable interfaces using a list of 

interface identi?ers. In one embodiment, the particular sub 
data structure is updated in response to a routing update 
affecting reachability information for the same intermediate 
reachability node in the netWork. In one embodiment, the 
intermediate reachability node is a gateWay node to a different 
intranet. 
One embodiment determines reverse path forWarding 

information by performing a lookup operation on an address 
lookup data structure based on a particular address of a par 
ticular packet to identify a leaf node corresponding to the 
particular address. The leaf node includes a reverse path for 
Warding indirection link. The link is traversed based on the 
reverse path forWarding indirection link to a particular reverse 
path sub-data structure identifying Whether or not an interface 
on Which the particular packet Was received Was alloWable or 
not. Each of a particular set of the leaf nodes having a same 
intermediate reachability node in a netWork includes a par 
ticular indirection link to the same particular sub-data struc 
ture. In one embodiment, the intermediate reachability node 
is a gateWay node to a different intranet. 
One embodiment for performing lookup operations to 

identify reverse path forWarding information includes one or 
more computer-readable media con?gured to store an address 
lookup data structure for identifying leaf nodes of a plurality 
of leaf nodes corresponding to matching addresses, and one 
or more lookup engines for performing lookup operations on 
the address lookup data structure. Each of the leaf nodes in the 
data structure includes a reverse path forWarding indirection 
link to a corresponding sub-data structure indicating reverse 
path forWarding information. Each of a particular set of the 
leaf nodes having a same intermediate reachability node in a 
netWork includes a particular indirection link to a same par 
ticular sub-data structure indicating reverse path forWarding 
information. In one embodiment, the intermediate reachabil 
ity node is a gateWay node to a different intranet. 

Turning to the ?gures, FIG. 2 is a block diagram illustrating 
an exemplary netWork used to illustrate corresponding RPF 
information maintained in one embodiment. As shoWn, the 
exemplary netWork includes intranet 200 (including nodes 
201-204) and intranet 210 (including nodes 211-214). An 
observation is made that for strict mode reverse path forWard 
ing, the RPF/reachability information for each node 201-204 
in intranet-l 200 to a node 211-214 in intranet 210 is the same 
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8 
as that for the intermediate/gateway node 211. As such, each 
line card of each node 201-204 can maintain RPF information 
for nodes 211-214 by maintaining a single set of RPE infor 
mation for node 211 and link all leaf nodes in an address 
lookup data structure to the single set of RPE information. 
This is illustrated in FIG. 2 by address lookup data structure 
250 including leaf nodes 251-254 corresponding to nodes 
211-214 respectively in the exemplary netWork including 
intranets 200 and 210. Each leaf node 251-254 includes an 
indirect reference 255 (e.g., pointer, link, offset value, hash 
value, relative value, absolute value, etc.) to RPF sub-data 
structure 260 Which includes RPF information for node 211. 
Note, the maintained RPF information 260 in each of nodes 
201-204 may be the same, but is typically different as the 
reachability information to reach node 211 is typically differ 
ent for nodes 201-204. In one embodiment, the intermediate 
reachability node is a gateWay node to a different intranet. In 
one embodiment, the intermediate node is not a gateWay node 
to a different intranet. In one embodiment, the intermediate 
node is a node in the netWork Which traf?c betWeen a node 
and multiple other nodes must traverse. 

FIG. 3 is a block diagram illustrating an address lookup 
data structure and sub-data structure for maintaining RPF 
information common to multiple leaf nodes corresponding to 
different addresses reachable through a common intermedi 
ate node used in one embodiment. As shoWn, the address 
lookup data structure typically includes longest pre?x match 
ing mechanism 300 and leaf nodes 310, 320 and 330, and 
possibly sub-data structure 350 (as it can be vieWed to be 
included in the address lookup data structure, in another data 
structure, or a stand alone data structure). Based on a source 
address of a received packet, a lookup operation is performed 
by longest pre?x matching mechanism 300 to identify a cor 
responding leafnode 310, 320 or 330. Each ofleafnodes 310, 
320 and 330 include an indirect reference (311, 321, 331) to 
sub-data structure 350. The corresponding indirect reference 
(311, 321, 331) is traversed to identify and retrieve sub-data 
structure 350, Which includes the RPF information for a cor 
responding gateWay node or other intermediate point in the 
netWork. Based on this RPF information and the interface on 
Which the packet Was received, a determination can be made 
Whether to process or drop the packet. Note, in one embodi 
ment, longest pre?x matching mechanism 300 is used to 
determine routing information by performing a lookup opera 
tion on a destination address of a packet to identify a corre 
sponding leaf node, Which includes routing information or an 
indirect reference to the routing information for the destina 
tion address. 

FIG. 4 includes block diagrams of tWo different mecha 
nisms used to maintain RPF information in a sub-data struc 
ture. RPF information 401 is stored in the form of a bitmap, 
typically With one bit for each interface identifying Whether 
or not a packet With the source address is valid if received on 
the corresponding interface. RPF information 402 is stored in 
the form of a list (e.g., array, linked list, table, set, etc.), but 
typically in an array With each valid interface on Which a 
packet With the corresponding source address should be 
received. One embodiment uses a combination of RPE infor 
mation 401 and 402, typically depending on the number of 
RPE entries required, and possibly on the implementation of 
the embodiment (e.g., if there is optimiZed bit manipulation 
or list hardWare, etc.). 

FIG. 5A is a How diagram illustrating a process to perform 
RPF checking as performed in one embodiment. Processing 
begins With process block 500, and proceeds to process block 
502, Wherein the source address is extracted from a particular 
packet received on a particular interface. Next, in process 
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block 504, a lookup operation is performed in an address 
lookup data structure to identify a particular leaf node. In 
process block 506, the RPF information indirection reference 
is folloWed to a particular RPF sub-data structure, Which 
identi?es Whether or not the particular interface on Which the 
packet Was received is alloWable for its source address. As 
determined in process block 508, if it is alloWed, then the 
packet is processed and forWarded as indicated in process 
block 510; otherWise, the packet is dropped in process block 
512. Processing is complete as indicated by process block 
519. 

FIG. 5B is a How diagram illustrating a process to update 
maintained RPF information as performed in one embodi 
ment. Processing begins With process block 550, and pro 
ceeds to process block 552 to identify a routing update affect 
ing reachability information for an intermediate/gateway 
node. As previously discussed, determining routing changes 
in a netWork is-Well-knoWn and documented, and therefore 
Will not be repeated herein, and any route update identi?ca 
tion mechanism can be used. In process block 554, the RPF 
information in the corresponding sub-data structure is 
updated, and processing is complete as indicated by process 
block 559. 

FIG. 6A is a block diagram of a system or component used 
in one embodiment. As shoWn, packets 601 are received by 
packet processor 600. Inperforrning an RPF check, the source 
address of the packet is provided (607) to lookup mechanism 
610, Which typically includes an address lookup data struc 
ture and possibly the RPF sub-data structures. The lookup 
result is provided (609) to packet processor 600. In one 
embodiment, the lookup result 609 includes a list of valid 
(and/or invalid) interfaces on Which the packet With the cor 
responding address can be validly received. In one embodi 
ment, the interface on Which the packet is received is also 
provided (607) to lookup mechanism 610, and an indication is 
returned (609) to packet processor 600 Whether or not the 
packet Was received on a RPF valid interface. Packet proces 
sor 600 processes and typically forWards RPF valid packets 
603. In one embodiment, the address lookup data structure 
and RPF sub-data structures of lookup mechanism 610 are 
updated (625) by route/RPF update mechanism 620 based on 
received routing updates (e.g., BGP, IGP updates) 621. 

FIG. 6B is a block diagram of a system component 650 
used in one embodiment searching for maintaining and using 
a data structure identifying for multiple addresses the reverse 
path forWarding information for a common intermediate 
node. In one embodiment, system or component 650 per 
forms one or more processes corresponding to one of the How 
diagrams illustrated or otherWise described herein. 

In one embodiment, system or component 650 includes a 
processing element 651, memory 652, storage devices 653, 
an interface 654 for sending and receiving information/data 
items and/or communicating With external devices (eg one 
or more memories and/or lookup mechanisms), Which are 
typically coupled via one or more communications mecha 
nisms 659, With the communications paths typically tailored 
to meet the needs of the application. Various embodiments of 
component 650 may include more or less elements. The 
operation of component 650 is typically controlled by pro 
cessing element 651 using memory 652 and storage devices 
653 to perform one or more tasks or processes. Memory 652 
is one type of computer-readable medium, and typically com 
prises random access memory (RAM), read only memory 
(ROM), ?ash memory, integrated circuits, and/or other 
memory components. Memory 652 typically stores com 
puter-executable instructions to be executed by processing 
element 651 and/ or data Which is manipulated by processing 
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element 651 for implementing functionality in accordance 
With an embodiment. Storage devices 653 are another type of 
computer-readable medium, and typically comprise solid 
state storage media, disk drives, diskettes, netWorked ser 
vices, tape drives, and other storage devices. Storage devices 
653 typically store computer-executable instructions to be 
executed by processing element 651 and/or data Which is 
manipulated by processing element 651 for implementing 
functionality in accordance With an embodiment. 

In vieW of the many possible embodiments to Which the 
principles of our invention may be applied, it Will be appre 
ciated that the embodiments and aspects thereof described 
herein With respect to the draWings/ ?gures are only illustra 
tive and should not be taken as limiting the scope of the 
invention. For example and as Would be apparent to one 
skilled in the art, many of the process block operations can be 
re-ordered to be performed before, after, or substantially con 
current With other operations. Also, many different forms of 
data structures could be used in various embodiments. The 
invention as described herein contemplates all such embodi 
ments as may come Within the scope of the folloWing claims 
and equivalents thereof. 
What is claimed is: 
1. One or more tangible computer-readable media encoded 

thereon a data structure, the data structure comprising: 
an address lookup data structure for identifying leaf nodes 

of a plurality of leaf nodes corresponding to matching 
addresses, each of the plurality of leaf nodes including a 
reverse path forWarding indirection link to a correspond 
ing sub-data structure indicating reverse path forWard 
ing information; 

Wherein each of a particular plurality of the plurality of leaf 
nodes having a same intermediate reachability node in a 
netWork includes a particular indirection link to a same 
particular sub -data structure indicating reverse path for 
Warding information. 

2. The computer-readable media of claim 1, Wherein the 
particular sub-data structure indicates one or more alloWable 
interfaces using a bitmap representation. 

3. The computer-readable media of claim 1, Wherein the 
particular sub-data structure indicates one or more alloWable 
interfaces using a list of interface identi?ers. 

4. The computer-readable media of claim 1, Wherein the 
intermediate reachability node is a gateWay node to a different 
intranet. 

5. A method for determining reverse path forWarding infor 
mation, the method comprising: 

performing a lookup operation on an address lookup data 
structure based on a particular address of a particular 
packet to identify a leaf node of a plurality of leaf nodes 
corresponding to the particular address, the leaf node 
including a reverse path forWarding indirection link; and 

traversing the reverse path forWarding indirection link to a 
particular reverse path sub-data structure identifying 
Whether or not an interface on Which the particular 
packet Was received Was alloWable or not; 

Wherein each of a particular plurality of the plurality of leaf 
nodes having a same intermediate reachability node in a 
netWork includes a particular indirection link to the par 
ticular sub-data structure, and the particular plurality of 
the plurality of leaf nodes includes the leaf node. 

6. The method of claim 5, Wherein the intermediate reach 
ability node is a gateWay node to a different intranet. 

7. An apparatus for determining reverse path forWarding 
information, the apparatus comprising: 
means for performing a lookup operation on an address 

lookup data structure based on a particular address of a 
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particular packet to identify a leaf node of a plurality of 
leaf nodes corresponding to the particular address, the 
leaf node including a reverse path forwarding indirec 
tion link; and 

means for traversing the reverse path forWarding indirec 
tion link to a particular reverse path sub-data structure 
identifying Whether or not an interface on Which the 
particular packet Was received Was alloWable or not; 

Wherein each of a particular plurality of the plurality of leaf 
nodes having a same intermediate reachability node in a 
network includes a particular indirection link to the par 
ticular sub-data structure, and the particular plurality of 
the plurality of leaf nodes includes the leaf node. 

8. The apparatus of claim 7, comprising means for updating 
the particular sub-data structure in response to identifying a 
routing update affecting reachability information for the 
same intermediate reachability node in the netWork. 

9. The apparatus of claim 8, Wherein the intermediate 
reachability node is a gateWay node to a different intranet. 

10. The apparatus of claim 7, Wherein the intermediate 
reachability node is a gateWay node to a different intranet. 
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11 . An apparatus forperforming lookup operations to iden 

tify reverse path forWarding information, the apparatus com 
prising: 

one or more computer-readable media con?gured to store 
an address lookup data structure for identifying leaf 
nodes of a plurality of leaf nodes corresponding to 
matching addresses; and 

one or more lookup engines for performing lookup opera 
tions on the address lookup data structure; 

Wherein each of the plurality of leaf nodes in the data 
structure includes a reverse path forWarding indirection 
link to a corresponding sub-data structure indicating 
reverse path forWarding information, and each of a par 
ticular plurality of the plurality of leaf nodes having a 
same intermediate reachability node in a netWork 
includes a particular indirection link to a same particular 
sub-data structure indicating reverse path forWarding 
information. 

12. The apparatus of claim 11, Wherein the intermediate 
20 reachability node is a gateWay node to a different intranet. 

* * * * * 


